Background: Several studies have reported that faecal calprotectin and lactoferrin showed a close correlation with endoscopic inflammation in patients with inflammatory bowel disease. However, the clinical significance of faecal calprotectin or lactoferrin in postoperative Crohn's disease (CD) is not fully evaluated. This prospective study was to investigate the relationship between endoscopic activity, and faecal calprotectin and lactoferrin, and assess the predictive value of these markers for future recurrence. Methods: Twenty patients who remained in remission during 6-12 months after ileocolonic resection for CD were included. All patients underwent ileocolonoscopy for assessing endoscopic activity (Rutgeerts score) in the neo-terminal ileum. A stool sample was collected for measurement of calprotectin and lactoferrin. All patients were then followed up for 12 months, and clinical recurrence was defined as a CDAI >150 with an increase of !70 points. Results: The mean time between surgery and the endoscopic examination at entry was 7.2 months. The endoscopic scores were i0 or i1 in 10 patients, i2 in six patients, i3 in three patients, and i4 in one patient. Both calprotectin and lactoferrin positively correlated with the endoscopic scores (p ¼ 0.0001 and p ¼ 0.038, respectively). Six patients developed clinical recurrence during the 12-month follow-up. Both calprotectin and lactoferrin levels were significantly higher in patients with clinical recurrence than those in remission (p ¼ 0.0007 and p ¼ 0.025, respectively). A cutoff value of 170 mg/g for calprotectin had a sensitivity of 83% and a specificity of 93% to predict a risk of clinical recurrence, while a cutoff value of 140 mg/g for lactoferrin had a sensitivity of 67% and a specificity of 71%. Conclusions: Both calprotectin and lactoferrin levels correlate well with endoscopic activity after ileocolonic resection for CD. Calprotectin and lactoferrin could be clinically relevant biomarkers for predicting postoperative recurrence. Further welldesigned large trials should strengthen the findings of the present investigation.
Introduction
The assessment of intestinal inflammation in patients with inflammatory bowel disease (IBD) remains a challenge. Endoscopy is the most reliable and the gold standard method for assessing intestinal inflammation, but it is invasive and time-consuming. 1 To overcome these limitations, a non-invasive marker to monitor inflammatory activity would be desirable. In clinical settings, the use of non-invasive markers for the diagnosis and management of IBD has been increasing.
Calprotectin and lactoferrin are specific neutrophilderived proteins, which can be detected in small stool samples because they are released by cells in inflammatory conditions. [2] [3] [4] [5] [6] [7] [8] [9] Faecal calprotectin and lactoferrin showed a close correlation with endoscopic inflammation in patients with Crohn's disease (CD) and ulcerative colitis (UC). [10] [11] [12] [13] Accordingly, these faecal markers appear to be useful for the assessment of endoscopic disease activity. Additionally, the value of faecal calprotectin or lactoferrin in predicting disease relapse has been investigated in patients with CD and UC. [14] [15] [16] [17] [18] [19] Elevated faecal calprotectin or lactoferrin level was associated with subsequent clinical relapse. Therefore, faecal calprotectin and lactoferrin may be useful to predict relapse in patients with quiescent IBD.
Postoperative recurrence is common in patients with CD, and currently, there is no convenient method to monitor and predict disease progression after surgery. 20 Ileocolonoscopy is considered to be the gold standard for the assessment of recurrence after ileocolonic resection. 21 Our hypothesis is that faecal calprotectin and lactoferrin measurement may correlate with early endoscopic lesions and thus predict risk of clinical recurrence after surgery for CD. However, the use of these markers in the postoperative setting is limited. 22, 23 With this in mind, the present prospective study was undertaken to investigate the relationship between faecal calprotectin or lactoferrin and endoscopic findings, and the value of these markers for predicting future clinical recurrence after ileocolonic resection for CD.
Patients and methods

Study design
This was a prospective, single-centre study undertaken at the Yokkaichi Social Insurance Hospital, a referral centre treating a large number of patients with IBD in the Mie Prefecture of Japan. The study was conducted in accordance with the principle of good clinical practice and the Declaration of Helsinki. Our study protocol was reviewed and approved by the Institutional Review Board at our hospital.
Patients
Inclusion criteria were: 1) patients who were between 20 and 70 years of age; 2) patients who had undergone ileocolonic resection for active CD (including previous anastomosis); 3) patients who had remained in clinical remission with CD activity index (CDAI) 24 <150 during 6-12 months after surgery; 4) patient agreed to undergo endoscopic examination. Exclusion criteria were: 1) patients in whom a defunctioning stoma was created for protection of ileocolonic anastomosis;
2) patients who had gastroduodenal, jejunal, or proximal ileal disease at the time of surgery; 3) patient with active colonic or anorectal disease at entry. A total of 20 patients who met the inclusion criteria were included in this study. The baseline clinical features of the 20 eligible patients are presented in Table 1 .
Endoscopic assessment
At entry, ileocolonoscopy was done in all patients. The endoscopic severity of inflammation in the neo-terminal ileum was graded according to Rutgeerts et al. 21 Rutgeerts score is a well-established endoscopic scoring system based on examination of the ileal segment proximal to ileocolonic anastomosis: i0, no lesions; i1, 5 aphthous lesions; i2, >5 aphthous lesions with normal mucosa between lesions, or skip areas of larger lesions or lesions confined to the ileocolonic anastomosis; i3, diffuse aphthous ileitis with diffusely inflamed mucosa; i4, diffuse inflammation with larger ulcers, nodules, and/or narrowing. Endoscopic findings were recorded on colour pictures, and evaluated by two specialist physicians who were blinded to the patient's clinical details. Endoscopic recurrence was defined as a Rutgeerts score !i2. 21 
Treatment and follow-up
After surgery, all patients were treated with standard medications (mesalazine, immunosuppressants, or biologics) to suppress recurrence. However, this study was not designed to evaluate the efficacy of any medication for the prevention of postoperative recurrence. Therefore, patients were not randomly assigned to medications. In patients at a high risk of postoperative recurrence like smokers, those with perforating disease, or with multiple surgeries, 20,25 patients who had received azathioprine, biologics (infliximab or adalimumab) immediately before surgery, treatment with azathioprine and/or biologic agent had to have started within 4 weeks after surgery. In patients at a low risk of recurrence (non-smokers, those with non-perforating disease, or those without previous surgery), mesalazine treatment was started soon after surgery. Based on the endoscopic score in this study, the prophylactic medication could be changed or continue unchanged. In patients with an endoscopic score of i2-i4, stepping up treatment was considered. In contrast, in patients with an endoscopic score of i0 or i1, the ongoing medication could continue. All patients were regularly reviewed in our clinic for 12 months after the endoscopic examination. Patients were required to record their symptoms in a diary every day. At clinic visits, body weight, general well-being, body temperature, stool frequency and consistency, presence or absence of abdominal discomfort, tenderness, tenesmus and haematochezia were recorded. Clinical recurrence was defined as a CDAI >150 with an increase of !70 points. Peripheral blood samples were taken for the measurement of white blood cell count (WBC), platelet count, C-reactive protein (CRP), and albumin.
Assays of faecal calprotectin and lactoferrin
Patients provided a stool sample for the measurements of calprotectin and lactoferrin. The collection of stool was performed before the start of bowel cleansing for ileocolonoscopy. Faecal calprotectin was measured by a quantitative enzyme immunoassay (Human Calprotectin ELISA Kit, Cell Sciences Inc., Massachusetts, USA). Lactoferrin was measured by a colloidal gold agglutination reagent (Auto Lf-Plus, Alfresa Pharma Corp., Osaka, Japan) using a highthroughput discrete clinical chemistry analyser (Hemo Techt NS-Plus C, Alfresa Pharma Corp., Osaka, Japan).
Statistical analysis
Numerical data are presented as mean AE SE values or as indicated otherwise. Comparisons of frequencies were done by using the chi-square test with Yates' correction. Continuous data are presented as the mean AE SE values. The average values between two groups are compared by unpaired t-test. For comparisons involving more than two groups, the one-way analysis of variance (ANOVA) was applied. Changes in data with time were evaluated by paired t-test. Correlations were calculated using the Spearman's 'r' test. The cumulative recurrence rate was calculated by the Kaplan-Meier method, and was compared between the groups by using the log-rank test; p < 0.05 was considered statistically significant.
To determine an optimal cutoff value for prediction of recurrence, a receiver operating characteristic (ROC) curve was constructed. The ROC curve is a plot of the true positive rate (sensitivity) against the false positive rate (1 -specificity) for the different possible cutoffs of a diagnostic test. The closer the curve follows the left hand-border and then the top border of the ROC space, the more accurate the test. We defined the most optimal cutoff point by looking at the sensitivity and specificity for various cutoff values.
Results
Endoscopic score
The mean AE SE time between surgery and the endoscopic examination at entry was 7.2 AE 0.4 months, range 6-12 months. The endoscopic scores were i0 or i1 in 10 patients, i2 in six patients, i3 in three patients, and i4 in one patient. There was no significant correlation between the CDAI and endoscopic scores (p ¼ 0.74). There was also no significant correlation between endoscopic score and the time from surgery to the endoscopic examination (p ¼ 0.73). 
Calprotectin and lactoferrin levels
There was a significant correlation between calprotectin and lactoferrin levels (r ¼ 0.62, p ¼ 0.003). Both calprotectin and lactoferrin levels positively correlated with the endoscopic scores in the neo-terminal ileum (p ¼ 0.0001 for calprotectin and p ¼ 0.038 for lactoferrin; Figure 1 ). The mean AE SE values of faecal calprotectin and lactoferrin were significantly higher in patients with endoscopic recurrence (Rutgeerts score !i2) than in those without endoscopic recurrence (i0 or i1) (calprotectin, 229.5 AE 34.8 mg/g vs. 102.3 AE 19.0 mg/g, p ¼ 0.005; lactoferrin, 161.4 AE 19.1 mg/g vs. 83.7 AE 23.2 mg/g, p ¼ 0.02). A cutoff value of 140 mg/g for calprotectin had a sensitivity of 70% (95% confidence interval [CI], 42-98%), a specificity of 70% (95% CI, 42-98%), a positive predict value of 70% (95% CI, 42-98%), a negative predictive value of 70% (95% CI, 42-98%) and a diagnostic accuracy of 70% (95% CI, 50-90%) to detect endoscopic recurrence, while a cutoff value of 125 mg/g for lactoferrin had a sensitivity of 70% (95% CI, 42-98%), a specificity of 60% (95% CI, 30-90%), a positive predict value of 64% (95% CI, 35-92%), a negative predictive value of 67% (95% CI, 36-97%) and a diagnostic accuracy of 65% (95% CI, 44-86%) to detect endoscopic recurrence. There was no significant correlation between the CDAI and the levels of faecal markers (r ¼ 0.26, p ¼ 0.28 for calprotectin; r ¼ 0.18, p ¼ 0.46 for lactoferrin). Laboratory measurements including WBC, platelet count, albumin, and CRP at the time of endoscopy did not correlate with faecal markers (calprotectin vs. WBC, r ¼ 0.30, p ¼ 0.21; platelet count, r ¼ 0.37, p ¼ 0.11; albumin, r ¼ À0.30, p ¼ 0.21; CRP, r ¼ 0.31, p ¼ 0.19; lactoferrin vs. WBC, r ¼ 0.30, p ¼ 0.20; platelet count, r ¼ 0.25, p ¼ 0.29; albumin, r ¼ À0.25, p ¼ 0.28; CRP, r ¼ 0.40, p ¼ 0.08).
Medications
After surgery, 10 patients were given mesalazine (3 g/ day), four were given azathioprine (50-100 mg/day), and six were given biologics, either infliximab 5 mg/kg every 8 weeks, n ¼ 4 or adalimumab 40 mg every 2 weeks, n ¼ 2 for the prevention of recurrence. Based on the endoscopic findings at entry, in six of the 10 patients on mesalazine, azathioprine and/or infliximab therapy was started (azathioprine 50 mg/day, n ¼ 1; infliximab 5 mg/kg at weeks 0, 2, and 6, then every 8 weeks, n ¼ 4; both azathioprine and infliximab, n ¼ 1). In two of the four patients treated with azathioprine, infliximab treatment (5 mg/kg at weeks 0, 2, and 6, and then every 8 weeks) was started. In the remaining 12 patients, the patients' medications at entry were allowed to continue.
Follow-up data
Six patients developed clinical recurrence during the 12-month follow-up. The mean AE SE CDAI score at the time of recurrence was 246 AE 16, range 201-297. Both calprotectin and lactoferrin levels were significantly higher in patients with recurrence as compared with patients who maintained remission (p ¼ 0.0007 for calprotectin and p ¼ 0.025 for lactoferrin; Figure 2 ). Sensitivity and specificity of faecal markers for prediction of future recurrence at different cutoff values are presented in Table 2 . The most reliable cutoff values were 170 mg/g for calprotectin and 140 mg/g for lactoferrin. A cutoff value of 170 mg/g for calprotectin had a sensitivity of 83% (95% CI, 54-113%), a specificity of 93% (95% CI, 79-106%), a positive predict value of 83% (95% CI, 54-113%), a negative predictive value of 93% (95% CI, 79-106%) and a diagnostic accuracy of 90% (95% CI, 77-103%) to predict a risk of clinical recurrence, while a cutoff value of 140 mg/g for lactoferrin had a sensitivity of 67% (95% CI, 29-104%), a specificity of 71% (95% CI, 48-95%), a positive predict value of 50% (95% CI, 15-85%), a negative predictive value of 83% (95% CI, 62-104%) and a diagnostic accuracy of 70% (95% CI, 50-90%) to predict a risk of clinical recurrence. The cumulative recurrence rate was significantly higher in patients with elevated calprotectin (!170 mg/g) than in those with low calprotectin level (<170 mg/g) (p ¼ 0.0001; Figure 3(a) ). The cumulative recurrence rate was higher in patients with elevated lactoferrin level (!140 mg/g) than in those with low lactoferrin level (<140 mg/g), but the difference did not reach statistical significance (p ¼ 0.077; Figure 3 
Discussion
Up to now, the use of faecal markers for the assessment of disease activity in the postoperative setting has been limited. To our knowledge, this is the first study which has rigorously investigated the relationship between endoscopic activity and faecal markers in patients with quiescent CD after surgery. We included only patients who had maintained clinical remission during 6-12 months following ileocolonic resection. All patients underwent ileocolonoscopy to evaluate the degree of inflammation in the neo-terminal ileum.
In earlier studies, 10-13 faecal calprotectin and lactoferrin levels significantly correlated with endoscopic disease activity in patients with colonic CD and UC. However, such correlation has not been reported for patients with small bowel CD due to inadequate data, because the small bowel is not accessible to routine endoscopic techniques. In contrast, the neo-terminal ileum after ileocolonic resection is accessible to conventional colonoscopy. Therefore, the present data are relevant to the assessment of intestinal inflammation in patients with ileal CD.
The levels of faecal calprotectin and lactoferrin correlated closely, which might suggest a concordance in their expression patterns. Both calprotectin and lactoferrin levels significantly and positively correlated with the severity of endoscopic findings in the neo-terminal ileum. In contrast, demographic factors and laboratory measurements including WBC, platelet count, and CRP did not correlate with the endoscopic score. Further, CDAI did not show correlation with either endoscopic score or with faecal markers. These results suggest that it is not appropriate to predict endoscopic activity by using patients' clinical features or conventional blood markers in the perioperative period. Ileocolonoscopy is still considered to be the gold standard for assessing postoperative disease activity. Our findings in this study suggest that faecal calprotectin or lactoferrin testing might be an alternative and low-cost non-invasive method to avoid complicated invasive techniques. A number of studies suggest that faecal calprotectin and lactoferrin are predictive markers of relapse in patients with UC and CD. [14] [15] [16] [17] [18] [19] A recent meta-analysis assessed the predictive value of faecal calprotectin in IBD relapse. 26 A total of 672 IBD patients (318 UC and 354 CD) were analysed. The pooled sensitivity and specificity of faecal calprotectin to predict relapse of quiescent IBD was 78% and 73%, respectively. The sensitivity of faecal calprotectin to predict relapse was comparable between UC and CD. In CD patients the predictive value of faecal calprotectin in isolated small bowel CD was not assessed due to inadequate data. However, faecal calprotectin appeared to be a more sensitive biomarker in ileocolonic and colonic CD.
In this study, both calprotectin and lactoferrin levels significantly increased in patients who developed clinical recurrence. The sensitivity and specificity of calprotectin to predict recurrence were an 83% and 93%, respectively. In contrast, the sensitivity and specificity of lactoferrin were 67% and 71%, respectively, suggesting that calprotectin provides more sensitive than lactoferrin. Faecal markers, especially calprotectin, are useful to predict future recurrence in patients with quiescent CD after ileocolonic resection.
The main limitation of our data could be the relatively small sample size. With this in mind, we believe that the findings of this investigation should be strengthened by a future study involving a large cohort of patients and with a longer follow-up time to fully evaluate the clinical significance of faecal calprotectin or lactoferrin measurement in this clinical setting. Further, in this study, prophylactic medication was determined based on the risk of postoperative recurrence on an individual basis. Patients at a high risk of recurrence (smokers, those with perforating disease, with multiple surgeries) or patients who had developed severe endoscopic lesions were treated with immunosuppressants or biologics. However, the effects of prophylactic medications on clinical course and laboratory measurements were not evaluated in this study. To rigorously assess the predictive value of faecal markers, their measurement should be done once patients reach a stable dose of these medications.
We are now conducting another study to investigate the relationship between these markers and disease relapse during maintenance therapy with a stable dose of a biological agent.
In conclusion, based on the findings of this study, both calprotectin and lactoferrin levels correlate well with endoscopic activity after ileocolonic resection for CD. Calprotectin and lactoferrin could be clinically relevant biomarkers for predicting postoperative recurrence. Further well-designed large trials should strengthen the findings of the present investigation. Assays of faecal calprotectin and lactoferrin should serve as low-cost and non-invasive biomarkers to Patients at risk Patients at risk Figure 3 . The cumulative recurrence rate was significantly higher in patients with high calprotectin levels (!170 mg/g) than in those with low calprotectin levels (<170 mg/g) (a). The cumulative recurrence rate was higher in patients with high lactoferrin levels (!140 mg/g) than in those with low lactoferrin levels (<140 mg/g), but the difference did not reach statistical significance (b).
monitor disease activity and predict recurrence after surgery for CD. This should spare the patients from going through complicated colonoscopy procedures. We believe that patients with quiescent CD may provide a stool sample for determining their disease activity level, and in case of an impending clinical relapse, medication can be given to suppress relapse. This should spare medical cost.
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